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PROBLEM TO BE SOLVED: To allow a robot to acquire 
accurate external environmental information with its 
autonomous action. 

SOLUTION: The robot has a plurality of input units 
including image, voice, contact and pressure 
sensitiveness. Ail or partial action of body components 
including a head, arms, lower extremities and a trunk is 
used to make an intentional change in response to 
information input from a visual sensor, a microphone, a 
switch or a pressure sensitive sensor, whereby external 
factors can be properly obtained for determining action. 
For example, body action is developed on 'recognizing an 
object with a hand held to glares' or 'addressing a 
tumed'back person and get him/her turned around for 
identifying his/her forehead'. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.3MoMe shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the control unit of the leg formula mobile robot of a type which operates 
autonomously based on the data inputted from one or more detecting elements which consist of 
two or more joint actuators, and detect an external environment. A distinction means to 
distinguish whether it is sufficient value in order that the input data in said detecting element 
may recognize an external environment. The control unit of the leg formula mobile robot 
characterized by answering that the distinction result in said distinction means is negative, and 
providing the action and the posture management tool which tries change of the input data in 
said detecting element by making said joint actuator drive. 

[Claim 2] Said detecting element is the control unit of the leg formula mobile robot according to 
claim 1 characterized by what at least one of an image sensor, a voice sensor, a temperature 
sensor, a pressure-sensitive sensor, an attitude sensor, and touch sensors is included for. 
[Claim 3] The control unit of the leg formula mobile robot according to claim 1 characterized by 
having further an action plan means to recognize an external environment based on the input 
data in said detecting element when an affirmative distinction result is obtained in said 
distinction means, and to draw up action. 

[Claim 4] It is the control unit of the leg formula mobile robot according to claim 1 characterized 
by what it has further the recognition object database which keeps the data which described the 
description about a recognition object, and distinguishes whether input data [ in / with reference 
to this recognition object database / said detecting element ] is suitable for said distinction 
means for. 

[Claim 5] It is the control unit of the leg formula mobile robot according to claim 1 characterized 
by what the correspondence approach for improving input data [ in / with reference to this input 
auxiliary database / although it has further the input auxiliary database which keeps the 
algorithm corresponding to information required for recognition of an external environment and 
the description can be extracted from the input data of said detecting element, when an object 
cannot be specified / in said action and posture management tool / said detecting element ] is 
specified for. 

[Claim 6] It is the control unit of the leg formula mobile robot according to claim 1 characterized 
by what the correspondence approach for improving input data [ in / with reference to this 
hysteresis database / when it has further the hysteresis database which keeps the 
correspondence approach performed when the example and each example of the trouble which 
has not recognized an external environment occurred and the description cannot be extracted 
from the input data of said detecting element / in said action and posture management tool / 
said detecting element ] specifies for. 

[Claim 7] Said action and posture management tool are the control unit of the leg formula mobile 
robot according to claim 1 characterized by what the message which stimulates actuation for the 
input data of said detecting element to improve [ as opposed to / when said distinction means 
distinguishes whether it is an entity with the autonomous candidate for recognition contained in 
the input data based on said detecting element and it is distinguished that it is an autonomous 
entity / this entity ] is sent for. 
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[Claim 8] It is the control approach of the leg formula mobile robot of a type which operates 
autonomously based on the data inputted from one or more detecting elements which consist of 
two or more joint actuators, and detect an external environment. The distinction step which 
distinguishes whether it is sufficient value in order that the input data in said detecting element 
may recognize an external environment. The control approach of the leg formula mobile robot 
characterized by answering that the distinction result in said distinction step is negative, and 
providing the action and the posture management step which tries change of the input data in 
said detecting element by making said joint actuator drive. 

[Claim 9] Said detecting element is the control approach of the leg formula mobile robot 
according to claim 8 characterized by what at least one of an image sensor, a voice sensor, a 
temperature sensor, a pressure-sensitive sensor, an attitude sensor, and touch sensors is 
included for. 

[Claim 10] The control approach of the leg formula mobile robot according to claim 8 
characterized by having further the action plan step which recognizes an external environment 
based on the input data in said detecting element when an affirmative distinction result is 
obtained in said distinction step, and draws up action. 

[Claim 11] The control approach of the leg formula mobile robot according to claim 8 
characterized by what it has further the recognition object database which keeps the data which 
described the description about a recognition object, and distinguishes whether the input data in 
said detecting element is suitable for with reference to this recognition object database at said 
distinction step. 

[Claim 1 2] The control approach of the leg formula mobile robot according to claim 8 
characterized by what the correspondence approach for improving the input data in said 
detecting element with reference to this input auxiliary database is specified for at said action 
and posture management step when an object cannot be specified, although it has further the 
input auxiliary database which keeps the algorithm corresponding to information required for 
recognition of an external environment and the description can be extracted from the input data 
of said detecting element. 

[Claim 1 3] The control approach of the leg formula mobile robot according to claim 8 
characterized by what the correspondence approach for improving the input data in said 
detecting element with reference to this hysteresis database specifies for at said action and 
posture management step when it has further the hysteresis database which keeps the 
correspondence approach performed when the example and each example of the trouble which 
has not recognized an external environment occurred and the description cannot extract from 
the input data of said detecting element. 

[Claim 14] The control approach of the leg formula mobile robot according to claim 8 
characterized by what the message which stimulates actuation for the input data of said 
detecting element to improve to this entity at said action and posture management step is sent 
for when the candidate for recognition contained in the input data based on said detecting 
element distinguishes whether it is an autonomous entity and is distinguished at said distinction 
step as it is an autonomous entity. 



[Translation done.] 
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DETAILED DESCFaPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the robot of the multi-joint mold which consists 
of two or more joint actuators, and relates to the leg formula mobile robot which used 2-pair-o1^ 
shoes walk-in-erect-posture animals, such as Homo sapiens and an ape, as the model especially. 

[0002] Furthermore, in detail, this invention relates to the leg formula mobile robot of a type 
which inputs the information on external environments, such as a picture input device, voice- 
input/output equipment, an attitude sensor, a touch sensor, and a pressure-sensitive sensor, 
draws up an action plan based on an external factor, and operates autonomously, and relates to 
the leg formula mobile robot which can acquire exact external-environment information 
according to an autonomous operation especially. 
[0003] 

[Description of the Prior Art] The thing of the machinery which performs movement modeled on 
actuation of human being using the electric or magnetic operation is called "robot." It is said 
that a robot's origin of a word originates in ROBOTA (slave machine) of a slab word. Although it 
was in our country that a robot began to spread from the end of the 1960s, the many were the 
industrial robots (industrial robot) in works aiming at automation, full automation, etc. of 
production, such as a manipulator and a carrier robot. 

[0004] Like an arm type robot, the robot of a deferment type which is implanted and used for a 
certain specific location works only in fixed and local workspaces, such as assembly, a sorting 
activity, etc. of components. On the other hand, the robot of workspace of a portable type is un- 
restrictive, and he can move free in a predetermined path or non-path top, and the human 
activity of predetermined or arbitration can be executed by proxy, or he can offer the various 
broad sen/ices which replace Homo sapiens, a dog, or other life objects. Especially, the mobile 
robot of a leg formula compares with a crawler type and tire-type robot, and although it is 
unstable and attitude control and walk control become difficult, he is excellent in the point that 
flexible walk / transit actuation which a stairway, rise and fall of a ladder, and an obstruction get 
over, and does not ask distinction of and the leveling and the irregular ground is realizable. 
[0005] Recently, the researches and developments about leg formula mobile robots, such as a 
robot (humanoidrobot) of "the human form" designed by using as a model the body mechanism 
of an animal and actuation which perform a 2-pair-of-shoes walk in erect posture like Homo 
sapiens, or "a human mold", progress, and the expectation for utilization has also been growing. 
For example, Sony Corp. released humanoid robot"SDR-3X" of a 2-pair^of-shoes walk on 
November 25. 

[0006] The meaning which studies and develops the leg formula mobile robot called a human 
form or a human mold can be grasped from the following two views. 

[0007] One is a human science-view. That is, the robot of the structure similar to human being s 
membrum inferius and/or upper extremity can be made, the control approach can be devised, 
and the mechanism of natural actuation of human beings including a walk can be solved in 
engineering through the process of simulating walk actuation of human being. Such a research 



http://www4.ipdljpo.goJp/cgi-bin/tran.web.cgi_ejje 



16/03/31 



2/10 ^— V 



result could greatly return human engineering, rehabilitation engineering, or sports science to 
progress of other various areas of research treating human being s movement mechanism. 
[0008] Another supports a life as human being s partner, namely, is development of the practical 
use robot which supports the human activity in various scenes on the everyday life of living 
conditions and others. In various aspects of affairs of human being's living environment, learning 
from human being, this kind of robot needs to learn separately the adaptation approach to human 
being or the environment where individuality is different, and needs to grow up to be it further in 
respect of a function. At this time, the direction where the robot is having "a human form", i.e., 
the same form as human being, or the same structure is considered to function effectively, when 
performing smooth communication with human being and a robot. 

[0009] In for example, the case so that the approach of passing through the room while avoiding 
the obstruction which must not be stepped on may be taught to a robot in practice Rather than 
it is having structure where the partner who teaches like a crawler type or a 4-pair-of-shoes 
type robot completely differs from himself As for a user (worker), it is easy to teach the 
direction of the 2-paii^of-shoes bipedal robot which is dressing the same far. Moreover, it must 
be easy to learn also for a robot (for example, refer to the Takanishi work "control of a 2-paii^ 
of-shoes bipedal robot" (Society of Automotive Engineers of Japan Kanto branch <quantity **> 
No.25. 1996APRIL)X 

[0010] As one of the applications of a leg formula mobile robot, various kinds of exchange and 
vicarious execution of a difficulty activity in an industrial activity, a production activity, etc. are 
mentioned. For example, I can have a robot execute the maintenance, conveyance and assembly 
operation of the components in a plant, cleaning in a skyscraper, and the risk activity and 
difficulty activity like rescue in a fire site and others in a nuclear power plant, a thermal power 
station plant, and a petrochemical plant by proxy. 

[001 1] Moreover, the application of "symbiosis" or "entertainment" of a life adhesion mold, i.e., 
human being, is mentioned rather than above-mentioned activity exchange as other applications 
of a leg formula mobile robot. This kind of robot emulates the rich feeling expression using the 
mechanisms of operation and the limbs of a leg formula ambulatory exercise with comparatively 
high intelligence, such as Homo sapiens or a dog (pet). Moreover, it is also required that the 
lively response expression which it not only performs faithfully the behavior pattern (behavior) 
inputted beforehand, but corresponded dynamically to a partner's language and attitudes ("it 
strikes") should be realized. [ "it praises" or "he scolding", ] 

[001 2] The conventional toy machine has the fixed relation between user actuation and response 
actuation, and cannot change actuation of a toy according to liking of a user. Consequently, a 
user becomes ******3Mc*******5ic** soon about the toy which repeats only the same actuation. 
[0013] On the other hand, the intelligent robot models and has the norm of a robot's action or 
actuation using the control parameter or the control program. And autonomous thinking and 
motion control are realizable by changing the indicated value which a model has based on input, 
i.e., external factors, such as voice from the outside, and an image, a tactile sense, every 
moment, and opting for the actuation which should be discovered. For example, when a robot 
prepares a feeling model and an instinct model, the autonomous action according to the internal 
state of a robot's own feeling and instinct can be expressed. Moreover, when a robot equips a 
picture input device and voice-input/output equipment and performs image recognition 
processing and speech recognition processing, it also becomes possible to realize realistic 
communication with human being on more advanced intellectual level. 

[0014] The action sequence which does not get bored or was adapted for the liking for every 
user for the user can be performed by answering having detected the stimulus from the outside, 
such as user actuation, and changing this model, namely, giving the "learning model" which has 
the study effectiveness. That is, a robot's entertainment nature increases further. 
[0015] If an action sequence is transfigured according to external factors, since a robot can take 
the action which it is unexpected and is not expected for a user, a user can continue associating 
with a robot, without getting bored. 

[0016] If a robot detects external factors, such as change of time amount, a seasonal change, or 
feeling change of a user, to the midst on which the robot is doing the cooperative activity with a 
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user and other robots in share workspace with users, such as general domestic, and transfigures 
an action sequence into it, a user can also memorize deeper attachment to a robot. 
[001 7] Since in other words change of an external environment is followed and it opts for action 
autonomously in the robot by which entertainment nature is pursued with a life adhesion mold, it 
becomes very important to input external factors correctly and to recognize them. 
[001 8] The autonomous mold robot has equipment for detecting change of an external 
environment for audio input units, such as picture input devices, such as a camera, and a 
microphone, various switches, a pressure-sensitive sensor, etc. The detection value by these 
sensors is incorporated as an electrical signal, is digitized, is recognized as each external factors 
and reflected in future action sequences by predetermined information processing. 
[0019] In order to treat more the information acquired from each sensor to accuracy, it is 
common to perform signal processing [ say / removing or reducing a noise component for a 
sensor input signal by processing of a filter etc. ]. 

[0020] however, **** sufficient by just signal processing like "the sense of an object is bad", 
and there "there being the strong light source", such as filtering, for the decision of action — 
information about exact external factors cannot be acquired 

[0021] On the other hand, although it has the outstanding athletic ability which the latest leg 
formula mobile robot had the sufficiently high intelligence, and used the limbs for various 
autonomous drives with body present such capacity is not necessarily utilized for 

recognition of external factors. 
[0022] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer the great leg 
formula mobile robot which used 2-pair^of-shoes walk-in-erect-posture animals, such as Homo 
sapiens and an ape, as the model. 

[0023] The further purpose of this invention is to offer the leg formula mobile robot which was 
excellent in the type which inputs the information on external environments, such as a picture 
input device, voice-input/output equipment, an attitude sensor, a touch sensor, and a pressure- 
sensitive sensor, draws up an action plan based on an external factor, and operates 
autonomously. 

[0024] The further purpose of this invention is to offer the great leg formula mobile robot which 
can acquire exact external-environment information according to an autonomous operation. 
[0025] 

[Means for Solving the Problem and its Function] This invention is made in consideration of the 
above-mentioned technical problem, and consists of two or more joint actuators. It is control 
unit or control approach of the leg formula mobile robot of a type which operates autonomously 
based on the data inputted from one or more detecting elements which detect an external 
environment. The distinction means or step which distinguishes whether it is value sufficient in 
order that the input data in said detecting element may recognize an external environment. It 
answers that the distinction result in said distinction means or step is negative. It is the control 
unit of the leg formula mobile robot characterized by providing the action and posture 
management tool, or step which tries change of the input data in said detecting element by 
making said joint actuator drive. 

[0026] The leg formula mobile robot concerning this invention has equipped one or more 
detecting elements for detecting external environments, such as an image sensor, a voice 
sensor, and a pressure-sensitive sensor. And in order that the input data in a detecting element 
may recognize an external environment, when it is not sufficient value, the external factors for 
using for action decision can be appropriately obtained by making a joint actuator drive and 
producing change intentionally to the information inputted from a visual sensor, a microphone, a 
switch, a pressure-sensitive sensor, etc. 

[0027] For example, the input data in a detecting element is autonomously improvable by 
discovering the behavior of "Speaking and making it turn [ "which holds up a hand and 
recognizes a body when dazzling" ] checking a backward person's frame." 

[0028] The leg formula mobile robot may have the action plan means or step which recognizes 
an external environment based on the input data in said detecting element when an affirmative 
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distinction result is obtained in said distinction means or step, and draws up action. 
[0029] Moreover, the leg formula mobile robot may have the recognition object database which 
keeps the data which described the description about a recognition object. In such a case, said 
distinction means or step can distinguish whether the input data in said detecting element is 
suitable with reference to this recognition object database. 

[0030] Moreover, the leg formula mobile robot may have the input auxiliary database which keeps 
the algorithm corresponding to information required for recognition of an external environment. In 
such a case, although the description can be extracted from the input data of said detecting 
element, when an object cannot be specified, said action and posture management tool, or step 
can specify the correspondence approach for improving the input data in said detecting element 
by referring to this input auxiliary database. 

[0031] Moreover, the leg formula mobile robot may have the hysteresis database which keeps 

the correspondence approach performed when the example and each example of the trouble 

which has not recognized an external environment occurred. In such a case, when the 

description cannot be extracted from the input data of said detecting element, said action and 

posture management tool, or step can specify the correspondence approach for improving the 

input data in said detecting element with reference to this hysteresis database. 

[0032] Moreover, you may make it said distinction means or step distinguish whether it is an 

entity with the autonomous candidate for recognition contained in the input data based on said 

detecting element. And when it is distinguished that it is an autonomous entity, you may make it 

said action and posture management tool, or step send the message which stimulates actuation 

for the input data of said detecting element to improve to this entity. 

[0033] The purpose, the description, and advantage of further others of this invention will 

become [ rather than ] clear by detailed explanation based on the example and the drawing to 

attach of this invention mentioned later. 

[0034] 

[Embodiment of the Invention] Hereafter, the example of this invention is explained in detail, 
referring to a drawing. 

[0035] Signs that signs that the leg formula mobile robot 100 with which operation of this 
invention is presented was standing straight were viewed from each of the front and back are 
shown in drawin g 1 and drawin g 2 . this leg formula mobile robot 100 is a type called "a human 
form" or "a human mold", a dialogue with the user based on the input of voice, an image, etc. 
can stand an action plan, or it cannot depend on a user input but a robot (namely, — from a user 

— becoming independent) 100 can form an action plan autonomously so that it may mention 
later. The leg formula mobile robot 100 consists of the membrum inferius of two pairs of right 
and left which perform leg formula migration, the truncus section, an upper extremity on either 
side, and a head as illustration. 

[0036] the membrum inferius of each right and left — a femoral region, a knee joint, and the shin 

— it consists of the section, an ankle, and and is connected by the hip joint at the 
abbreviation lowest edge of the truncus section, moreover, the upper extremity of each right and 
left consists of an overarm, an elbow joint, and a forearm, and is connected by the shoulder joint 
in right-and-left each side edge of the truncus section upper part. Moreover, the head is 
connected in the center of the abbreviation best edge of the truncus section by the neck joint 
[0037] In the truncus section unit, the control section which is not visible is arranged on drawin g 
i and drawin g 2 . This control section is the controller (main control section) which processes 
the external input from drive control of each joint actuator, each sensor (aftei^mentioned), etc. 
which constitutes the leg formula mobile robot 1 00, and a case carrying the peripheral devices of 
a power circuit and others. In addition to this, the control section may contain the 
communication link interface and communication device for remote operation. 

[0038] The joint degree-of-freedom configuration which the leg formula mobile robot 100 
concerning this example possesses is typically shown in drawin g 3 . The leg formula mobile robot 
1 00 consists of the truncus sections which connect the upper part of the body including two 
arms and a head 1, the membrum inferius which consists of the two legs which realize migration 
actuation, and an upper extremity and the membrum inferius as illustration. 
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[0039] The neck joint which supports a head 1 has three degrees of freedom called the neck 
joint yawing axis 2, the neck joint pitching axis 3, and the neck joint roll axes 4. 
[0040] Moreover, each arm consists of the shoulder-joint pitching axis 8, the shoulder-joint roll 
axes 9, the overarm yawing axis 10, the elbow-joint pitching axis 1 1, the forearm yawing axis 12, 
a wrist joint pitching axis 13, wrist joint roll axes 14, and a hand part 15. Hand parts 15 are the 
many joints and the multi-degree-of-freedom structure containing two or more fingers in fact. 
However, since there are little the contribution and effect to posture stability control or walk 
motion control of a robot 1 00, the actuation of a hand part 1 5 itself assumes on these 
specifications that it is a zero degree of freedom. Therefore, each arm on either side 
presupposes that it has seven degrees of freedom. 

[0041] Moreover, the truncus section has three degrees of freedom called the truncus pitching 
axis 5, the truncus roll axes 6, and the truncus yawing axis 7. 

[0042] moreover, the leg of each right and left which constitute the membrum inferius consists 
of the hip joint yawing axis 16, the hip joint pitching axis 17, the hip joint roll axes 18, the knee- 
joint pitching axis 19, an ankle joint pitching axis 20, joint roll axes 21, and a foot (vola or ****) 
22. In fact, although the foot (vola) 22 of the body is the structure containing the vola of many 
joints and many degrees of freedom, the vola of the leg formula mobile robot 100 concerning this 
example makes it a zero degree of freedom. Therefore, each leg on either side consists of six 
degrees of freedom. 

[0043] If the above is summarized, as the leg formula mobile-robot 100 whole concerning this 
example, it will have 2= 3+7x2+3+6x32 degree of freedom in total. However, the leg formula 
mobile robot 1 00 is not necessarily limited to 32 degrees of freedom. It cannot be 
overemphasized that a degree of freedom, i.e., the number of joints, can be suitably fluctuated 
according to a constraint, requirement specification, etc. on a design / manufacture. 
[0044] Each above-mentioned joint degree of freedom which the leg formula mobile robot 100 
has is realized as active actuation by the actuator in fact. As for various requests, such as 
eliminating an excessive swelling by the exterior of equipment and making it approximate in the 
shape of [ human ] a natural bodily shape, or performing attitude control to the unstable 
structure called a 2-pair-of-shoes walk, to a joint actuator, it is desirable that it is small and 
lightweight. In this example, we decided to carry the small AC servo actuator of the type which 
was a gear direct attachment type, and one-chip-ized the servo control system and was built in 
the motor unit In addition, it is indicated about the small AC ser/o actuator applicable to a leg 
formula robot by the Japanese-Patent- Application-No. No. 33386 [11 to ] specification already 
transferred, for example to these people. 

[0045] The control-system configuration of the leg formula mobile robot 1 00 concerning this 
example is typically shown in drawin g 4 . As shown in this drawing, this system consists of a 
thinking control module 200 which responds to a user input etc. dynamically and manages 
emotion decision and a feeling expression, and a movement control module 300 which controls a 
robot's whole body coordinated movements, such as a drive of a joint actuator. 
[0046] The thinking control modules 200 are CPU (Central Processing Unit)211 which performs 
data processing about emotion decision or a feeling expression, and an independent information 
processor which consists of RAM (Random Access Memory)212, ROM (Read Only Memory)213, 
and external storage (hard disk drive etc.) 214 and which can perform self-conclusion 
processing. 

[0047] Various kinds of equipments, such as the communication link interface 254 which 
performs the system and the data exchange besides a robot 100, are connected to the thinking 
control module 200 by the bus interface 201 course via the audio output devices 253, such as 
the picture input devices 251, such as a CCD (Charge Coupled Device) camera, the audio input 
units 252, such as a . microphone, and a loudspeaker, LAN (not shown [ Local Area Network : ]), 
etc. 

[0048] In the thinking control module 200, the acoustic-sense data inputted from the vision data 
inputted from a picture input device 251 or an audio input unit 252 determine the leg formula 
mobile robot's 100 current feeling and current intention according to the stimulus from the 
external world etc. Furthermore, a command is published to the movement control module 300 



http://www4.ipdl.jpo.gojp/cgi-bin/tran_web_cgi_ejje 



16/03/31 



6/10 ^— V 



so that movement of the actuation (action) based on decision malting or an action sequence 
(behavior), i.e.. the limbs, may be performed. 

[0049] One movement control modules 300 are CPU (Central Processing Unit)31 1 which 
controls a robot's 100 whole body coordinated movement and an independent information 
processor which consists of RAM (Random Access Memory)312, ROM (Read Only Memory)313, 
and external storage (hard disk drive etc.) 314 and which can perform self-conclusion 
processing. The action plan of the walk pattern computed off-line, a ZMP target orbit, and others 
can be accumulated in external storage 314 ("ZMP (Zero Moment Point)" is a point on the floor 
line where the moment by the floor reaction force during a walk serves as zero, and a "ZMP 
orbit" means the locus to which ZMP moves during a robot's 100 walk actuation period etc.). 
[0050] various kinds of equipments , such as power control which manage the power source of 
the touch-down check sensors 352 and 353 which detect the bed leaving of the joint actuator 
( refer to drawin g 3 ) which realize each joint degree of freedom distribute to a robot 1 00 whole 
body , the attitude sensor 351 which measure the posture and inclination of the truncus section , 
and the vola on either side , or implantation , a dc-battery , etc. , be connect to the movement 
control module 300 by the bus interface 301 course . 

[0051] The whole body coordinated movement according the action directed from the thinking 
control module 200 to body present ***3Mc* and each joint actuator is controlled by the 
movement control module 300. That is, CPU31 1 picks out the pattern of operation according to 
the action directed from the thinking control module 200 from external storage 314, or generates 
a pattern of operation internally, and the pattern of operation with which CPU31 1 was specified 
— following — a foot — while setting up movement, a ZMP orbit, truncus movement, upper 
extremity movement, a lumbar part horizontal position, height, etc.. the command value which 
directs actuation according to these contents of a setting is transmitted to each joint actuator. 
[0052] Moreover, CPU31 1 can control the leg formula mobile robot's 100 whole body coordinated 
movement accommodative by detecting whether each movable foot is in which condition of **** 
or a basis with the output signal of each touch-down check sensors 352 and 353 while detecting 
the posture and inclination of a truncus part of a robot 100 with the output signal of an attitude 
sensor 351. 

[0053] Furthermore, the action as the intention that the movement control module 300 was 
determined in the thinking control module 200 returns how many body present **3Me**, I.e., the 
situations of processing, to the thinking control module 200. 

[0054] The thinking control module 200 and the movement control module 300 are built on a 
common platform, and it interconnects through bus interfaces 201 and 301 between both. 
[0055] The leg formula mobile robot 100 concerning this operation gestalt has the outstanding 
athletic ability which was equipped with the sufficiently high intelligence and used the limbs for 
various autonomous drives with body present and can acquire exact external-environment 
information according to an autonomous operation. 

[0056] The functional configuration for the leg formula mobile robot 100 to acquire exact 
external-environment information according to an autonomous operation is typically shown in 

drawin g 5 . 

[0057] The leg formula mobile robot 1 00 inputs the image input signal from the picture input 
devices 251, such as an input signal from each sensor, such as a temperature sensor, a voice 
input signal from the audio input units 252, such as a microphone, and a camera, etc. as 
external-environment information. These sensors input signal, a voice input signal, and an image 
input signal are inputted into the feature-extraction sections 51-53, respectively, and the 
feature extraction based on signal processing is performed. 

[0058] The comparison recognition processing section 54 performs recognition processing of an 
external environment, using the hysteresis database 57 for the input auxiliary algorithm database 
55, the recognition object database 56, and a list. 

[0059] The input auxiliary algorithm database 55 keeps the algorithm corresponding to 
information required for recognition of an external environment. 

[0060] The recognition object database 56 keeps the data which described the description about 
a recognition object 
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[0061] The hysteresis database 57 keeps the correspondence approach performed when the 
example and each example of the trouble of "have not recognized an external environment" 
occurred. 

[0062] When an external environment has not been recognized correctly, the comparison 
recognition processing section 54 publishes a command to action and the posture Management 
Department 58, and tries improvement of an input signal and specification of an external 
environment by actuation of the limbs. 

[0063] Based on the command from the comparison recognition processing section 54, action 
and the posture Management Department 58 pick out the data of a body present *5l«Mc sake of 
operation from the database 59 of operation, and does the sequential injection of the 
corresponding actuation at the system actuation processing section 60. 

[0064] Database management of the data (action) of the leg formula mobile robots 100, such as 
each Seki nodal drive, of operation is carried out to the database 59 of operation. 
[0065] The system actuation processing section 60 carries out data processing of a rotation, 
rotational speed, etc. of each Joint actuator for discovering data of operation, and sends out a 
control parameter to a control-command list to the drive control section of each Joint actuator. 
Consequently, on the leg formula mobile robot's 100 airframe, limbs actuation which tried the 
improvement of an input signal is performed. 

[0066] Subsequently, in the leg formula mobile robot 100 concerning this operation gestalt, the 
processing for improving the recognition precision of an external environment using some 
airframes or all actuation is explained. 

[0067] In the form of the flow chart shows procedure for the leg formula mobile robot 1 00 to 
improve the recognition precision of an external environment using some airframes or all 
actuation to drawin g 6 - drawin g 8 . Hereafter, the processing which improves the recognition 
precision of an object using some airframes or all actuation according to these flow charts is 
explained. 

[0068] First, in step SI, it distinguishes whether various kinds of input signals showing an object, 
such as a sensor input signal, a voice input signal, and an image input signal, are usually values. 
[0069] Since the processing for improving the external-environment information which detects 
an object is unnecessary when each input signal usually shows a value, all consecutive 
processing steps are skipped and this whole manipulation routine is ended. 

[0070] On the other hand, when that one of input signals was expected to be is a different value, 
in the corresponding feature-extraction section, it distinguishes whether the extract of the 
description is possible (step S2). 

[0071] Although it jumps to the correspondence manipulation routine shown in drawin g 7 in case 
an input is not obtained proper when a feature extraction is impossible, the after-mentioned is 
yielded about this point. 

[0072] When a feature extraction is possible, it distinguishes further whether it is in agreement 
with the known information in the recognition object database 56 (step S3). 
[0073] If it will have passed through "the strange situation" by the time it results in this 
coincidence in being in agreement with the known information in the recognition object database 
56, it will register with the hysteresis database 57 which keeps the correspondence approach 
which performed the data of operation tried until now when the example and each example of a 
trouble occurred (step S4). And the object caught by each input signal is recognized as "a 
known object" (step S5), and this whole manipulation routine is ended. 

[0074] Moreover, in not being in agreement with the known information in the recognition object 
database 56, it distinguishes whether it is still more nearly partially in agreement (step S6). 
[0075] Although it jumps to the correspondence manipulation routine when the ability not to 
recognize correctly only by the early input shown in drawin g 8 in being partially in agreement, the 
aftei^mentioned is yielded about this point. 

[0076] Moreover, in not being partially in agreement, the object caught by each input signal is 
recognized as "a strange object" (step S7), and it ends this whole manipulation routine. 
[0077] In step S2, when Judged with a feature extraction being impossible from each input signal, 
it Jumps to a correspondence manipulation routine in case the input shown in drawin g 7 is not 
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obtained proper. 

[0078] In the manipulation routine concerned, it distinguishes whether the elapsed time after 
starting recognition processing is over the time limit probably (step S11). When having already 
5Mc**(ed) the time limit, this candidate for recognition is judged recognition is "impossible" (step 
SI 2), and this whole manipulation routine is ended. 

[0079] When recognition processing is in the time limit, it distinguishes whether it looks for the 
hysteresis database 57 and there is any trouble example which is in agreement with this failure 
(step S13). 

[0080] When a trouble example in agreement is discovered, the correspondence approach is 
taken out (step SI 4), and is chosen from the hysteresis database 57 as corresponding Bataan 
(motion) of operation. 

[0081] Moreover, when a trouble example in agreement is not able to be discovered out of the 
hysteresis database 57, it is recognized as "a strange situation" (step SI 5). And what is not 
tried on other troubles as a motion used for the correspondence approach out of the hysteresis 
database 57 is chosen as a trial motion (step SI 6). 

[0082] Subsequently, the motion chosen by step S14 or step S16 is supplied to the system 
actuation processing section 60. and it reproduces on the leg formula mobile robots 100 
airframe (step SI 7). Then, it returns to step SI, and as mentioned above, recognition of an 
object is tried from each input signal. 

[0083] In step S6, when Judged with the ability of the body which is partially in agreement not to 
be recognized from the feature-extraction result by each input signal, it jumps to the 
correspondence manipulation routine when the ability not to recognize correctly only by the 
early input shown in drawin g 8 . 

[0084] In the manipulation routine concerned, it distinguishes whether the elapsed time after 
starting recognition processing is over the time limit probably (step S21). When having already 
3Mc**(ed) the time limit, it is judged as means by the present recognition, and recognition is 
ended, this candidate for recognition is registered into the body with which it is [ in the 
recognition object database 56 ] similar at a category (step S22), and this whole manipulation 
routine is ended. 

[0085] When recognition processing is in the time limit, it looks for the recognition object 
database 56, and the information which still runs short is specified in an old recognition result 
(step S23). 

[0086] Subsequently, it looks for the input auxiliary algorithm database 55, and the approach 
corresponding to the information which runs short is specified (step S24). 
[0087] Subsequently, it looks for the recognition object database 56, and this candidate for 
recognition distinguishes whether it is an autonomous existence (step S25). 
[0088] When the candidate for recognition is an autonomous existence, a message is sent to an 
object based on the information taken out from the input auxiliary algorithm database 55 by 
actuation of a voice output, actuation of the limbs, a light-emitting part, etc. (step S26). 
[0089] Moreover, when the candidate for recognition is not an autonomous existence, the 
correspondence motion specified by step S24 is chosen (step S27). this is supplied to the 
system actuation processing section 60, and it reproduces on the leg formula mobile robot's 100 
airframe (step S28). Then, it returns to step SI, and as mentioned above, recognition of an 
object is tried from each input signal. 

[0090] subsequently, the leg formula mobile robot 100 — the function which acquires external- 
environment information according to an autonomous operation is explained according to an 
example. 

[0091] (1) A robot 100 presupposes that the surrounding image is inputted from the picture input 
devices 251, such as a camera, under very bright work environments, such as a flame worid 
which basks in the direct rays to which an input value is changed using a part of configuration 
part of an airframe (refer to drawin g 9 ). 

[0092] Since it is too bright even if it inputs the image of a specific object like a mandarin orange 
as shown in the left-hand side of drawin g 9 , it cannot remain for discovering the image which 
does not clarify in an input image, and a mandarin orange cannot be recognized. 
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[0093] When the light source is too strong like solar direct rays, the image in an input image 
cannot be made clear only by signal processing, such as filtering. In such a case, the 
correspondence approach is searched out of the hysteresis database 57 based on the symptom 
"an input image is white on the whole." 

[0094] As a result of database retrieval, it chooses "a strong light included in a camera is 
interrupted using an arm", and as shown in the right-hand side of drawin g 9 , this motion is 
performed on an airframe. 

[0095] The environment where external information is inputted can change as a result of motion 
activation, strong solar direct rays can be interrupted, and an image input required in order to 
recognize a body can be obtained. 

[0096] And it can specify that the body used as the candidate for recognition is a "mandarin 
orange" from the obtained image. 

[0097] (2) As shown in the left-hand side of drawin g 10 to which an input value is changed (refer 

to drawin g 10 ) by giving external force using a part of configuration part of bodies other than an 

airframe, a robot 1 00 discovers the image of some bodies in an input image. 

[0098] In such a case, first, the description is extracted from an input image and, subsequently 

the recognition object database 56 is searched based on the extracted description. 

[0099] It recognizes that the image of the body in an input image is included in a "box" group as 

a result of database retrieval. 

[0100] The candidate for recognition from which some difFer is contained in a "box" group, and a 
"label", "weight", etc. are different from him. 

[0101] Then, a robot chooses to investigate the label which is easy to judge what "box" it is 
correctly since it specifies. And a solution "in case a box is not known" is searched out of the 
input auxiliary algorithm database 55. 

[0102] As a result of database retrieval, the solution of "changing the sense of a box" is chosen, 
and the motion is performed on the leg formula mobile robot's 100 airframe so that it may be 
shown in the center of drawing 10 . 

[0103] As a result of motion activation, the sense of change, i.e., a box, can change, and the 
environment where external information is inputted can carry out the image input of the 
alphabetic character "precious article" printed by the label, can carry out a feature extraction, 
and can recognize. 

[0104] And the "box" group of the recognition object database 56 can be searched, and it can 
recognize that this candidate for recognition is a "treasure." 

[0105] (3) As action of an entity is induced and it is shown in the left-hand side of drawin g 1 1 to 
which an input value is changed (refer to drawin g 1 1 ) according to things other than an airframe 
for which a message is autonomously given to the entity which can act, a robot 100 discovers 
the image of some bodies in an input image. 

[0106] In such a case, first, the description is extracted from an input image and, subsequently 
the recognition object database 56 is searched based on the extracted description. 
[0107] It recognizes that the image of the body in an input image is included in a "person" group 
as a result of database retrieval. 

[0108] As for the "person" which the robot 100 knows, bodily features, such as a "face" and 
"voice", is different, respectively. In other words, since it specifies "who" it is correctly, a robot 
100 has to acquire the data about a "face" and "voice." 

[0109] Then, a robot 100 searches the solution with which a "face" and "voice" are filled out of 
the input auxiliary algorithm database 55 so that a result may become is easier to be obtained. 
[01 10] As a result of database retrieval, the solution of "speaking" is chosen, and the motion is 
performed on the leg formula mobile robot's 100 airframe so that it may be shown in the center 
of dr awin g 1 1 . 

[01 1 1] "- it is — " — it is induced by speaking and the person who is a candidate for 
recognition turns to the robot 100. And a robot 100 can acquire the image of the "face" of the 
person. 

[01 12] And the person can recognize that it is "Mr. A" by carrying out a feature extraction from 
the inputted image of a "face", and collating with the recognition object database 56. 
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[01 13] It has explained in detail about this invention, referring to a specific example more than 
[addenda]. However, it is obvious that this contractor can accomplish correction and substitution 
of this example in the range which does not deviate from the summary of this invention. 
[0114] The summary of this invention is not necessarily limited to the product called a "robot." 
That is, if it is the machinery which performs movement modeled on actuation of human being 
using the electric or magnetic operation, even if it is the product which belongs, for example to 
other industrial fields, such as a toy, this invention is applicable similarly. 

[01 15] In short, with the gestalt of instantiation, this invention has been indicated and it should 
not be interpreted restrictively. In order to judge the summary of this invention, the column of 
the claim indicated at the beginning should be taken into consideration. 
[0116] 

[Effect of the Invention] As a full account was given above, according to this invention, the leg 
formula mobile robot which was excellent in the type which inputs the information on external 
environments, such as a picture input device. voiceHnput/output equipment, an attitude sensor, 
a touch sensor, and a pressure-sensitive sensor, draws up an action plan based on an external 
factor, and operates autonomously can be offered. 

[01 1 7] Moreover, according to this invention, the great leg formula mobile robot which can 
acquire exact external-environment information according to an autonomous operation can be 
offered. 

[01 1 8] As for the leg formula mobile robot concerning this invention, the robot has two or more 
input units called an image, voice, contact, and pressure sensitivity. The external factors for 
using for action decision can be actively obtained in a suitable or advantageous format by 
producing change intentionally to the information inputted from a visual sensor, a microphone, a 
switch, a pressure-sensitive sensor, etc. using a part of configuration part of airframes, such as 
a head, an arm, membrum inferius, and truncus, or all actuation. That is, the degree of freedom of 
information gathering of an autonomous mold robot is sharply extensible. Consequently, in case 
an object is recognized, more information can be acquired and it becomes possible to grasp an 
object correctly. 

[01 1 9] Moreover, the leg formula mobile robot concerning this invention can give change to the 
input value acquired from the body used as the candidate for recognition by impressing external 
force using some or all of an airframe to bodies other than an airframe. 

[01 20] Moreover, the leg formula mobile robot concerning this invention can urge change of the 
action, and can make the input value acquired from the candidate for recognition produce change * 
by giving a message by voice, manifestation of operation, etc. to the existences (human being, an 
animal, other autonomous mold robots, etc.) which perform autonomous action of those other 
than an airframe. 

[0121] Therefore, according to the leg formula mobile robot concerning this invention, the 
behavior of "Speaking and making it turn [ "which holds up a hand and recognizes a body when 
dazzling" ] checking a backward person's frame" can be discovered, and it can guide to the 
situation that each sensor can input more exact information, for example. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] It is a **** Fig. about signs that the leg formula mobile robot 100 with which 
operation of this invention is presented was viewed from the front. 

[ Drawin g 2] It is a **** Fig. about signs that the leg formula mobile robot 1 00 with which 
operation of this invention is presented was viewed from back. 

[ Drawin g 3] It is drawing having shown typically the degree-of-freedom configuration model 
which the leg formula mobile robot 100 concerning this example possesses, 
[ Drawing 4] It is drawing having shown typically the control-system configuration of the leg 
formula mobile robot 100 concerning this example. 

[ Drawin g 5] It is drawing having shown typically the functional configuration for the leg formula 
mobile robot 1 00 to acquire exact external-environment information according to an autonomous 
operation. 

[ Drawin g 6] It is the flow chart which showed procedure for the leg formula mobile robot 1 00 to 
improve the recognition precision of an external environment using some airframes or all 
actuation. 

[ Drawin g 7] It is the flow chart which showed procedure for the leg formula mobile robot 100 to 
improve the recognition precision of an external environment using some airframes or all 
actuation, and is drawing having more specifically shown the correspondence manipulation 
routine in case an input is not obtained proper. 

[ Drawin g 8] It is the flow chart which showed procedure for the leg formula mobile robot 1 00 to 
improve the recognition precision of an external environment using some airframes or all 
actuation, and is drawing having more speciflcally shown the correspondence manipulation 
routine when the ability not to recognize correctly only by early input. 

[ Drawin g 9] It is drawing describing signs that the leg formula mobile robot 100 concerning this 
operation gestalt changes an input value using a part of configuration part of an airframe. 
[ Drawin g 10 ] It is drawing which described signs that an input value was changed because the 
leg formula mobile robot 100 concerning this operation gestalt gives external force using a part 
of configuration part of bodies other than an airframe. 

[D rawin g 1 1 ] It is drawing describing signs that the leg formula mobile robot 1 00 concerning this 
operation gestalt induces action of an entity, and changes an input value by things other than an 
airframe for which a message is autonomously given to the entity which can act. 
[Description of Notations] 

I — A head, 2 — Neck joint yawing axis 

3 — A neck joint pitching axis, 4 — Neck joint roll axes 
5 — A truncus pitching axis, 6 — Truncus roll axes 
7 — A truncus yawing axis. 8 — Shoulder-joint pitching axis 
9 — Shoulder-joint roll axes, 10 — Overarm yawing axis 

II — An elbow-joint pitching axis, 12 — Forearm yawing axis 
13 — A wrist joint pitching axis, 14 — Wrist joint roll axes 

15 — A hand part, 16 — Hip joint yawing axis 

17 — A hip joint pitching axis, 18 — Hip joint roll axes 



http:/ / www4.ipdljpo.goJp/cgi-bin/tran_web_cgi_ejje 



16/03/31 



2/2 V 



19 — A knee-joint pitching axis, 20 — Ankle joint pitching axis 
21 — Ankle joint roll axes, 22 — Foot (vola) 
51, 52, 53 — Feature-extraction section 

54 — Comparison recognition processing section 

55 — Input auxiliary algorithm database 

56 — A recognition object database, 57 — Hysteresis database 

58 — Action and the posture Management Department, 59 — Database of operation 
60 — System actuation processing section 
1 00 — Leg formula mobile robot 

200 — Thinking control module 

201 — Bus interface 

211 — CPU. 212 — RAM, 213 — ROM 
214 — External storage 

251 — Picture input device (CCD camera) 

252 — Audio input unit (microphone) 

253 — Audio output device (loudspeaker) 

254 — Communication link interface 

300 — Movement control module 

301 — Bus interface 

311 — CPU, 312 — RAM, 313 — ROM 

314 — External storage 351 — Attitude sensor 

352,353 — Touch-down check sensor 

354 — Power control 



[Translation done.] 
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[ooo5]m3fiT?i±. throcka'EiraSiSii^^T^fTaifttitD^i^^^-XA-v^iftft^^ 

T^+F'T r AFem J ^ L< fi r A FbI M J (D P tH'V h (humanoidrobot) >tj:<h\ M iC^M P 7^^^^ 
^ 25 B icaS^frO) AFp1MP7H»yh"SDR-3X''=&^aLfco 

[ooo6]AFBlJI$^L<l±AFB^MtP¥(iH'S>)jgi3i:3^i!lP7K»yh^W^-lf1fg-r'5mm^.'0<J^(ifelT 

[0007] 1 oli, AFBif4!¥:6*i^f^s^-efe^o -rtdit>*>. xri\<r>Tm:sLisyynt±mzmzm]k(o 
p/K-yh^f^y. ^(7)fij^:^j£^%mLT. ArB1a)^^Tl!If^^v5i^-K-r^^L^33fp^2x^s 
ex. ^^fT^if^isbtr^xm<Dmmtiimi^<D^i3-X2:K^jL'^^izmmr^:itt)<x^^o ^(d.^ 

[ooo8]t,3io(i. xm0/i-\-±-tLx^m^^mir^.-rtdit>ibi^mm'^<Dm(DBn±7S 

±(Dm^ummizjs{f^x&^mm(D^m'^n5mmo7f.yh(om%x&^o:i(om<Dn7fsyHt. 

xm<o±7^mm(D^^:^^t6:mmzfsi^x.xmi3^ibmt^^jut<i^m^izmi^(o^mr^xm 

^itmm^<Dm!^yim'^^^u mmmx^i^izf^mLxi^<'2-^i3<h^o ^(Dt^. ptk-vha^ 

Txmm-rti:t>-^xmtmcm:^iimcm7^^Lxi^^y3tK xmto7^^:/ht(o:^M.—7.tjiZ3^ 

zL-^-iyB>^'m±xmmzmm-t^=b<D tmxi^Jti^o 

[ooo9]^j^i*. ^/uxittd:P^ui^mm^^miftj:ti<p,^m^m^mif^yj^^mmz^i\xn 

7fs^yHzm7r-r^.i:o^dim'^.<PO-^^'^^^^orfsvh(DJ:olz^^^^ 

[zg[^a<. *f=P7t?-yHctoTt^t?y^l^W-efe<S>(^J^fi. lffMr2S^fi^P7K'yh(Dzil/h 

P— ;Uj(gl!l^S[ffi^lim3£$P<Sii>No. 25, 1996APRIL)^#HBa)Ci:)o 

[001 0]PJe^lJ]P7^^yh(7)ffljt(7)1 O^LT. SI6,^»-^^/^M^I^fc(t'5^SCDMf^ll© 

Sit;^^-€-<Z)itelcfcMti)«[filtl<»:l^ot-J:3nj:fe|g^f^ll'\?>llf^ll^P7K^vHc^^ 

[001 1 ]*fe. l!ai3C5^!llP7t<'>H(Dfife(Dffl^<i:Lr. -hi^(7)f^ll3£Mi:l^a<feyt.. ^JS^^M. 
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[001 ^y^^o^m^mt. D.—^^^tm^m^t<Dm%tm'^m-rim. ^m(r>mv^^=L 

[001 4]zL— if ^f^/d:i:<DnSP*^t)(D$iJSi[$^aiLy=c<hlcjS:^Lrc(D^T?JU^^S-r'S. f 

L'^^l^^T»^<^'Sc,^A<r'^'5(D-e.3-— iflit&^-rl^P7^^yh<^#^^L^^^(t'5c^ 

[001 6]P7t-:«yhA<. 'iJiJ^ii-fls^Jiii^'^jriftD^— ^f«i:(D^t^f^ll^FB1(c^5^^r. zL-if A^jfecD 

P7^^yhi:^3ai)la*]^^:f^ll^^TorL^^«4'(c. PTfC-vhA^ BtFaico^^b, ^lUaj^^b, h^iMio. 

[001 8] S#mP7t?^yhI*> i3^^U^(DmmX:hmW:s -7^<7Ut'<D'^^Atimms ^UTs^-j 
^l±-t2>i^3^ci:if, Mm.^<r>mt^^\ii-t^fzlt>0^m.'^mfLXl^^o ^4it>4z>if ^^icj: 

[001 9]#-tr>if 3!>^e>^iP>*L'5'tf ffi^cfeyiESilzlRafciftlc. -b>if A*{t-^^7-f;u^>Ei:i:(Z)«i 
[0020]LA^L'£j:A<^>> ^nm^<0\p\^tmi^u ^git^3fe^lS3!)<&-5)Ji:l^oy■=<fc3^j:. :7'f;U^'J>'Jf 

[0021 lite:^. fi5fe4BBa)Pxes^»P7K'yh(*. ^^i-iSt^-r^TUvx^x^M^r^^^^/dTg^ 

[0022] 

[oo23]2f:^B^(;)M'£i:^g fi«i(*. ®#A:fa^a. W^Aai:^3^«. ^^4z>+)-. ^M^z>+^. ^ 
EHz>if^fi:^SP^J^a)ti^$A;'3LT^6<]^@(ca^tNrtTl«lttM$3l^Lr^»fi<IlziJif^ 

T'5^-r3^<D.ffi*Lycjffl]jCi^«lP7t?«vh^^«-r'5c<i:i::fc'S)o 

[OO24]*^0jCDH'Jf^e g#M^j:f^ffl(cj:oriEfil«:nSP^^1t^$5ll#-r'6^tA< 

T^^^. S4^/•cKlie^^^lP7^^yK^ll#l-r€)Ct(cfc^„ 

[0025] 

(DiiaTT-^^T^.x— $iT*<ifi£$H. ngp^J^^^tbt-^i J^iJl(D1^alS^5*^^>A;b$tLtc7=-^lc 
Soa^rg#Wlc^af^1-^^-r7^^DMlie^^!IP7^^>ha>$^J^^sx(±$lJ^:^^^r'&or. HuiB^ 

ttJ«P(cfcNt-SA:^37^--$i3b<H«P^Jt$glS|-r*fca^>lc3fe«''Sf(il*^5*^^*«J»Jt-'5f'i^^^ 
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[0030]^t-.P5t^M□7^^:/hl*^gp^J^(Dsglt(::iK^S':^tf^l::*fI«:LfcT;^=ru 
liffl^-^'<-x^#Kit-^;z,>:(zJ:orsSirBB=l^aiSPlcfc(t^A*7^-^^QJlS-r^f=jfta>*^ 

[0032]*f-. mtmm^mxit:;^^yzflt. mm^lii^iz^^A:h7'—^lz'^-^ti^mmiii^ 
[0033]*^BJ(D^t>(C'te(Dgfi<]. ♦^^•^fiJ^lis ^i^-r-5*^^a)IIJfe^J-^^#-r'5El®(c 

m^<<i^^mmAiimmiz^':>xmib^^iztdi^x&^oo 

[0034] 

[oo35]Mi:Rt/M2(ci*, :$i%BM(ommlzm^tl^m^^ma7f.^:^h^ ooiim±Lxi^^m=f- 

^m:f5JSLU^^yj<D^^*^h>mmLfzm=f-^yr:L.Xl^^o C(7)j!aiiC5^1!iP7t?*yHlOOri. TAF^J^J 

♦:/hiooA<e#e*iictTibitiii$-iLTfcyi-^c<!:7!)<T:#'5o Ei^<7)®y. gaije^i!)P7r:«vhioo 

[oo36]^a#>* (DTffi^i*. :Km^t. mm^t. m^t. ^-^t. ^w-tx^m^tis ^mwiz 
^-^xw^u^s&WLTmzxmf^^tixi^^o ^fz. M#>i?(D-hKii. ±mts mmwt. mm 
tx'mfs.tsiti. mmmz^'oxi^n^±yj<D^:^^mmizxm^^tixi^^o ^tz. mmt. m 
mmz^'oxw^^(D^m±^^^izmm^tixi^^o 

[0037]i*|^gPiL-'>hP»3lC|±. MlSl;M2-h-eliM^Tt^'^j:L^*J^SPA«i^<i^;t^Tt^'5o ^<D 
UmUlts Klje^iJjPTt-C'vhl OO^i|tJt^-5=&||tPT':75^:3.x-'$i(Digi!i$iJ^-\^#-tr>-9-(^i^) 
>^ci:;b^t>(D^SPA:^^^^iSr^=l>hP-^(iMSP)A^s«;^SIH]!^S^(D^te^D^S^^ 

[oo39]aispi ^sti^-r-smiiaiii, mm^B-mzt. ■^m'^^^v^mt. nm^u-}\.m^t 
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[oo4o]*yc, ^mmt. mmwtfv^mt. mmwn-j\^n9ts ±mB-$ii^ot. mmmt£y 

[0041 i*$?SP(*. (*l^e-:/5^$tfl5i:. -ftl^p-^uiliei:, (*|^a-$fll7tLN33SSlg^W 
[0042]^fc. TK^1ifi£-r'5£S#'57<DJ!iPSPIi. flSliSSa-lilii ei:. f&mWiiv^m 7t.^ 

x2+3 + 6x2 = 32e ^m'^^'^^^tlztji^^ L. Pj^^KP/K-v hi 00A«i2x-rL=t32 g ^ 
[0044]PjE^»jP7fvvh100j!)<}#O_hai(D#KIPgSJt(i.lll^l^l*T^^^x— 

■y:^c<h-^. 2s#^Ti:t^•5^^^^iit^*(z^^LT^i^*J^^^7a^«^^^t*<Da>5?^D^»A^t». m 
mmr^^ttLtzo JStfev m^o7fs^^Hzmm-^mtd:'\^mAc-^-7f.-T<7^=LJi-^izmLxit. 

^Jx.(»aiSIA(cKE(c^^6$tLTl^-5^^M¥1 1 -33386■^B^3SfflS^~IB^$tLrl^-So 
[0045]M4lcii. *lim^JI::^.'5IBa]iC^»iP7K':/hi 00(D$iJ^vX7"A<tfi£$^^fi«](z^LT 

^^i)m#*JJ^ai^e;i— JU200i:. IISSt^^^ilx— Si(Digi!j3tj:i:P7t?»yh<D±a'taiS3li&^fiJ 

mr^mwivm=E:i>=L—)\.3ootxmm^H^o 

ioo46mmMm=Ei>iL-)\.zooit.m^mmx>mmmmizmr^mmmm^m'i7r^cpu 

(Central Processing Unit)21 1 RAM (Random Access Memory)21 2^ ROM(Read Only 
Memory) 2 13. RXS. nm^W.^m.U\-\^■'r^7.<7■^^^-(ytJ:if)Z^ ^Xm^l^^^. ^B^SiS 

mm^nv^ tfi^x^^^ii Ltzmm^i^^mmmxh^ „ 

[0047],Sl#$IJ^^Vii.— ;b200lC(i, CCD (Charge Coupled Device)*P<^^Ci:a>iiHt A:^^ 
W251 7-<'57'tfi:(7>W^A*^m252. Xe— *J5:i:(DW^tfJ*^m253. LAN(Local 
Area Network: gl^L3Ej:L^)'^^<^*^^aLTP7K':/h1 00^(DvXT-AtT^—'$i5S^^tTajlfl'<> 
^— 7x— X254^ti:*^fi(D^Sjb<. /^X-O'J'— 7x— X201 iSSfir^lt^^ttTt^^o 
[0048]S%$iJ^^vi-;u200-e(i. iiHtA:^^m25l A^t>A*$^^-l)^:i:7^-^■Vi>^^A 
:^^a252ANh,A:^$ti^?i^T^-^^i:i:\ ^1•^A^t>(D«'^C^Ic^l£oT. m^^molf.v\-^o 
0(D^^E(7)^'lt-^Sm^/9i^-r'So ^t>lc. *S/*S(cS-:5L^/■cl!If^(7^v3:/)Xli^Tl^Ii>— 
^>X(e^-reT), -r''cj:t5*,E3Kfl>Mljl^lltT-r'5«i:-5l^> jIK^J^^vo.— ;u300IcMLT 

[0049]— :^(DjlK)$iJ^^vi— ;u300(*. P/fC-vhi oocD^a-I^Pillli^^iJ^-r'Scpu 

(Central Processing Unit) 31 1 RAM (Random Access Memory) 3 1 2. ROM (Read Only 
Memory)313. RlS. HSPiBitlig(/\— K-¥-fX^.K^-l':^^i:i:)3l 4-e1llj$3F*LS. ^B^SlS 

9ikm^m:iti}<x^^^iLLfzmmmmmmxh^o 9\■mm^m3^4lz^t. mxit. /f-^^-r 

>-e^tii^tLfc#fT/ '^^-^ A^zM p g ^(D^te(7)ff at+s^^a-r-SCitjb^-e^^ ( rzM 

P(Zero Moment Point)ji:l±. ^nfp(OmRtHZ^^^—J^>ht<-izattii^^m±(D^(DZ.tX 

fey, mtz. rzMPHiJijili. «>j7tliP7t<':/hi 00<D^fTi!if^«8PHl4''£j:<i:(czMPj{)<l!i<|lii@li^m 
i*-r-S>)o 

[0050]Stft$iJ^^v^— ;u300icii. P7t?«:;hi ooo^a-lc^tfe-T-S^^L^ttcD^lii g Sjg 

351 , :£^a)SJS(D^I^Xfi^0^^:^ai-r^mife?it^-tr>-9-352&i;353. /^^^/TU'tCifa)* 

;7S^©s-r^«3ifij^^m>jj:i:a)^a(D^m;{)^ /<x-r>^-:7x-x3oi m^x^m^Jtix 

[0051 ]3llii*J^^i?zL— ;u300-e(*. JSl#$»Ji»^i^3.— ;^200;{|^^>^t^$4^fctTl!l^^*sS■r 
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I*. [fiUmzmi^/<^->^±f$.r^o tLX. CPU31 1 1t. m^^Hfcibf^/^^-Xct^oT. 
SSPJIljJ. ZMPlfiJi. mU7\^W-i^W::BLlSM^tj:t'^^^r^tt=blz. C 

[0052]^fc. CPU31 1 (*. ^^-b>it351 (7)ai*m-^(Cj:yP7t?-/h100a)i*|^S|J^(D^^ 

Jiy(7)^TS!)A^if(D^Jgt*3S^4xfc}bN. ■r^f*:>*>4lliS(7)!KiH$. ,lL%*tJ^^V3.— ;^200(Cal■r 
J;•5(::'^^oTL^-^)o 

[0054], ©#$IJ^^V^—;U200^ill&$lJ^^ VOL— ;U300li. ^aa)3^^-yh37;j— A_h-^fll 
^^tl,, rS|#F0^l±/^X-r>^— 37x— X201 SlI;301 ^:n"LT^iS^^^tLTL^^o 

iz^-oxjEmu^^mmmm^mm^^^tti^x^^o 
^tzfsbommmm^m^&^izTTsLxi^^o 

[0057]®liej^l!lP7K'>hl OOli, ;SS■tr>+^->^^:i:(7)#•fe>-9-A^^>(D A:^li-§-^> ^-l''5^P:7;j-> 

[0058]J±^^ill4zaS$|J54(i. A*MaiT;b=ruXA-7^— 'Ji'^— ^tUtlT^— X5 
[0059] A :^MSbT;U=r UX A ■ 7^--$'^— X55 (*. HaJIgi^fl>^|||(zjg5'^^j:1f #(zS*fS Lfr 

iooeoy^m^^-'^^-:^5eit.mmmzmr^^w^^tii^Lfz7'-'^^um-r^o 

[0061]ffiM7=— X57(i. rnS|J^J^^|gM■C#^^A^otcJ>^^:<^:(Dh^3^;KD♦^J«i:. 

ioo62m^m^mmu54it. n^mm^iEmizmmx^fj:f)^':>tzm^izit. ^i^m-mmmm 
usBiznLxm^^m'fTLx.m^commz^ijxtim^cD^mmummcDnM^un-r 

[oo63]tT«j-^^'^ssP58(i. itw^mmmu^Ati^i^o^m^izxrsi^x. mm-r^mi^^i^ 
m-r^tzib(Dmi^^-^^mi^^-^^-7s59i}^i^m)tiiLx. mmmwmm^eoizww^^A 

[0064]ffi)f^7^-'$iK-X59(c(i . ^llfiPigiajEjrt'lffli^^iaPTK'vhi oocDiaf^T^-' S» (T^v 

mnmf^uii^mm.mmLx.'^mw7<p^^:L-'5KDmmmmmzi^Lxumm^^mzmm 

/^^^-^^iHtti-r'So C(DS^m> liai^^»iP7H»:/hioo<D^tt:±-^li. A*<l-^a>QfeS^ii^ 
[0066];^LN-e. :*J||Jte}i^®(C'e^'S)!a]ie3^1jlP7t?»yhloo(zfctxT, «H*a)-SPX(±±SP(Olj!i 

i^^mmLxn^mmcommmi^^^m-r^fzifxDmmiz'Di^xmm-r^o 

[0067]M6-'M8lz(i. piC^lliPTt^'^/hi oo*«^{*(7)-gpxii±gpa)»jf^^^jfflL-c^^gp^ 
p-TA'-h(c^^£or«li*<D-gpxi*^gP(Diftf^^*ijfflLrMm!K3a)^ti«jg^gfe#-r'5^s 
[0068]^-r\ xi^«:/:^si izfcLNT. ■tz>-9-A*^i-^. #^A*fi^. li^A:^^-^''**^:. j^m 

#I^*■r#S(DA*^i^A^^i^^il■efc-5;!)^^A^^*|JSlJ-r'5)o 
[oo69]^A*m^*<ffi^fli^^-rii^(^i*.M^!^^^*Qt-'Snsp^^if^^3feS-r^frtf) 

[0070]te:^. L>-r;Kjb^(Z>A*m^A<i^3S**Lyita)i:(iP3ji:^fii-C'fcofcii^lc(±. ^^-^-5 
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[0071 ]!^^ttttiA<^RjtgT*feofcli^lcli. mzi^^ir^ 2<tiiimJElzmi^iitJil^m'^(Dy^ 

[0074]^yc. ^il^il^f'— X56It3(7)Kt»la)^f^<»:-S^LJ^fl^it^lC(i. $t>lCgI5^fl<I(C- 
[0077]x^'v3fS2fci3LNT. #A:bfi^A^P>^f#i!tttalA<^^tg<^f|J^^;h.yi^i^l::(*. MZic 

coo78]^iS^s;u-5^>T?(*. *-r. igi^«!:S^^1^&Lr*^t>(D^i^^rB^A<$^J|JgBtFB1$^i^T 

[0079]^tllMMfiJ|©B#rB^F«g-r'fc'5)it^s ffiMir-1$'^-X57^^^LTs ^HCDP^SlZ- 

ioo8o^-m.ir^h^zf)vmmt}<mM.^tifzm-^iz\tsmm^—^^—7.57i3^h>^(DS^my5^ 

[0081 -Wi.ir^h^-:fj\^mm^mm7'-'^^-7.57ipf)^i^mM.ir^:itfi<x^fsij^':>tz 
m-^lzit. "*^(7)tlt;5il"<!:^it-r-5(Xi^'y3fSl5)o ^LT. HMt^— -$1^— X574'A^t>> ffeO) 

(X7^'V3fS16)o 

[0082];J>iL^Tf. Xt^^vz^si 4X(iXT':/:^si 6iz^^rM9i^i\%tz=E—iyB:y^. m^Wii^mm^ 
eolcSALT, fflijCi^KiPTfC'vhi oo<X)^i*±-cs^-r ^(x^^>::^si 7)o ^CD^. X7"':y:^si 

[0083]XT*:;:^S6(cfcLNrs #A:tim-^lcj;^Jt#||fcttttis|gm*^t)(i. SP^Mlc^^-Sft-r-Sifei 

izmmx^fjii^m^<Dns:timmj\^—'^>iz-:>->^:yy-r^o 

[0084]^iS«lS;U— ^it4ttlS^^1JfeLrA^P>(Z)S[Sjg^FBl*<*JIS^FBl^®^T 

LN3^d:L^A^SA^^*'jsij-r'S(xT^v3fs2i )o *JlSBtrB1^st^c^^jlLTl^'S^t^lz(i. m^(Dmm.x 
^LtmmLx. mm^^f^Tu mmm^-^^-:^56\fi(Dmnr^<mmzt>^^*jiz^^<om 
mn^^^^mLxc^T-yzfszz) . :$^mm)i-^>±i!^^mT-r^o 
ioo85mmmmtmmmi\p^x&^m'^. mmm9—^^—:x^5e^mmLx. ^.ti^vcom 
mmmx\t^tz^s.Lxi^^mm^n^-r^(.^^y^s23)o 

[0086];:5^t^-C\ A*1iei]7;U=f'JXA-7^— "Ji/^— X55^S5^L-C. ^SLTL^-Slf ^iC^fg; 

[0087];^l^•^^ -Si^— X56^«g3gLr, ^lHl<7>eiilj^m*<e#fi<i<j:#S*^S)b^^ 

[00881^11^ J*l^*<S#fl<iJti:#^ET-fc-i)ii^lci±.A*MStiT;u=r'jXA-7^—-$'><-X55;b^ 

m^tifciw^^sic. w^tti:^. raK(Z)iiif^. mftmji^<Di^miz^^)MMLmzssiLxjtv 

-t— v^ii^or^-S (X^'V3^S26) „ 

[oo89]^fr. mmt^^t^^m^un^xtjii^m^izit. 7.^-jz^szAiz^im^^titzMj:{^^ 

-i/3>^S#^L(XT'y:^S27), ZtL^||ti!li#«iSSP60(cSALT, flaije^l!JP7H':/hl 00 

(0^W±xm±f^(7.^yzfs28)o ^(7)^. x^'y:^si (cmilSLr. ±j^Lf=«fca(c#A*<i 
[oo9o];J3?:L^Tf. iisi5C^iftP7t-:.yhi oog#w<ff^fflrc.feynSP^^1f ^$«?li-r^^«g(::oiN 

x^mmizm-oxm^^r^o 
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[009 1 ] ( 1 )mw<omf$.^it<D-^^mi^xAtim^mt^it^ {m^mm(D:it) mma^ 

[0095]^— i>a>||tT(D3^^<!:L-Cs ^I^SPIt^^Alfa-T^^^A^^IbLT. :km<D^l^^mB 

iH:^m^:iti3<x^.mw^mmr^tzifyiz!z^wmmAti^m^:itt<x^^o 
[oo96]^Lr, mh:>titzmm^h>s mmMnLttsi^^m^^M^Aj^x'^^nt^nm-t^^tti^ 

[0097](2):^tt:ana)!felf*(D. mf&^^(0-&^mi^X9ytl^^^^:LtX. A^fll^^^b^ 

iJ:'S(Mio^#M(Dzt)sio<7)^flaic^-r«fc3ic, P7t<♦:/h1003b<A*®#t^'lC'^p^J!)^(7)1^a(*a) 
[oo98]c(D<*:a^j:ii^. ^■r> A;^®^A^^>^#^^^tt^±iLT. ^xi^x\ mmts^fz^m^mzm 

[oioi]^;ir% P7H':/hi*. iEmiz^n(omixs>^i3^^^m-r^tzibiz, nmL^i^^^ji'^m 

[0102]^— x^mcD$£^. rm(D^^^^^^:itAti^vMy3m^m^LX.mA0(0 
t>^). 7^;K=9l^|J^*tfc^l£J<^L^a^c^^^ii^A;tJLs ir#^SttaiLs mm-t^::.t-h^x^ho 

C0105](3)^<*]Jl^(7)g#WlCfTttRrHgto>^'r^'rlC^«y-b-v^-^^^^<i:T:\ X^^^-^^ 
^'(DfT»j^MflLT. A:titt^^'lb$-b!--g>(MrL^#Ma)zt)Mll<Z):&fiiJlw^-r<fc3lc. ptH^v 
\-^oo■h'<Xilmm.^\znt^O^\i^<J>^M—'^>^%M.'t^o 

[0i06]c<D«fc3'^i:li^. A*®^3&^e)«t#^S^atllL-Cv^l^T?. tttB$*Lfe«l^«a^Slc^ 

[01 08]P7^^yh1 oo^b^^aoTL^-srAi^jl*, ^;tx€tLr|ij-Vbr^jfj:^(;)#(*fi<j!j#^^^ 

-So P7H';/hlOO(i. iE^f6l::^ltJr*&-5*^^^^^1--S>t-«)lz. r|ij-v>r|&j(c||-r-g> 

[0109]^ZT\ P7t?»:;Kl00li. J;y?^^3b<#P>n^<^j:'5>cfc3(::. Tj^j, ^^it^Kmctn^B, 

[01 io]T— xlt5^(Di^m. r|&^Ax(t-g,j,bLN3j*^:^,^^gS^LT.Mli.<^ft^*(^:^-r 

cfc^lC. ^(7>^— va>^)ffl]^^S!lP7t<^vHl 00(7)^i*±-Cll^T-r -So 

[01 1 1]rfc— l^J<^^^A^(t'5^«blC^^^HT. ^lllS*m-e&-5A!|^7!)<P7K-:yh100<D:^^|Rl 

<„ ^LT. P/H'^hioofi. ^(;)A!K!i(Driij(Diii^^^li-r'5>^«t*«r*#-So 

[0112]^LT, A:^iLfcr|ij<z)®^;b>c>1#ll!(ttaiL. ^tHi^DT— -^^-xse^M^f-Sctic 

«j:y.^(DA!|^7!)<rA^A/jr'fc-Sc:<h^^it-r-5>:i.i:*<r-#'S)o 
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[01 i4]:*:f|Bj(D^gli. 'J^iTL^bfaTf^yHtm^Jti^mfful^ltWi^^tiUl^ irUt>ib. m.% 

[01 16] 

i%mo^m.^\>x±m%^u^^o\^. :^nm^^^\t. mm.xtimw. ^^Atii:ti^m, ^^-t2> 
[01 i7]*fc, *^0j[cj;tL(*. ^mmsi^m^^'oxiEmfmn^mm.mm.^^m-t^^tt^x 

:^^fi^{i^TL^^„ MSP. M> TKs -f^f^^cif. ^(*(D«/?Egpti(7)-SPX(i±SPa)»if^^ffl 

^^mi^xnts^wmr^:itizj^'Dx.mmy^Mittd:^<mi!^i3^h>mh>iix^xtimizmt^ 
[oi2o]^fc. :^mmzm^m^^W}07fi-^Ht. i^Wi>m<D. mw&^td:nm^non^(.xri\. 

tzLc^^nmLx.'^'iz>v-i}^^^jjEmt6imm^x:hx^^^'bum5iizmmr^^tt<x^^^ 
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m-r^tzisb(Dmm^m^7r^Ltzyn-^^'-hx&^). ^f'jm^mzit. ^moT^ttmrntzHrxit 
iEWizmm.x^tj:{,^m'^0^fic^9&mji'—'f'>'^7r:Ltzmx&^o 
^m^:$immmmlzm^m^^W}07fs^yh^ooti<mwomm^i^L(D-^^ml^xxtlm^^^t 
^■\±^mi-^ii^WLfzmv^^o 

imioz:$immMmizm^m^^mu7\^yhi ootimi^iikMm{=^(o^ mt^u^cD-u^mi^ 
x9\-ti^^^^:itx%Atim'^^it^i±^m^^mwLtzmxs>^o 
^ml±^^mmmm^zm^m^^mo7^-Jh^ootmi!^i>^n(D^mmznm^^mt<i::^^>^^^^ 
iz^-j-ti-i>^^pL^ztx\ x^^^^-rcofrift^Hi^Lr. Atim^mit^i^^m^^mwuz 

9-mm^o—)m. ^o^^■±mB—m 
^^^■■MmW\l^y^^, 12-HuMa— $A 

2i---SWHtiiP— ;Hft. 22—S$P(£JS) 
51. 52, 53---!^^tttilS|5 
54"-lt^|gM«lSSP 

55 • ■ A liSJ]T;u=r 'J X A • 7^— -$1^— X 

56"-^iti|^Df^— X, 57-HS7^— -$1^— X 
58--fTiil-^M*gSlgP. 59-i!]f^7^— '$1'^— X 

100"-Kl5e^lJlP7H'yh 

200 ■ • • S#$IJ^^ V J.— ;U 

201 ••■/<X-'r>^— "^x— X 

211- CPU, 212 • RAM, 213-- ROM 

214-ngPlSlt^a 

251 -li^A^^aCCCD*;^^) 

252- #^A:^^a(^-l'<7) 

253- "^^ttJ:ta^M(xe— 

254- • fflfl-O^— :7x— X 

300- • -SijiftiJ^^iPzL— ;u 
301 •/^x.>r>^— :7x— X 
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311 - CPU, 312 - RAM, 313 - ROM 
314-nSPlBlii^a. 351-^^-t2>-9- 
352, 353-ltifefii^-tr>-9- 
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